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WEED CONTROL IN WESTERN IRRIGATION AND 
DRAINAGE SYSTEMS 


Losses Caused by Weeds .. Costs and Benefits of Weed Control. 


bye Hy is. Timmons’ 


For many years aquatic and bank weeds in irrigation and drainage systems in the 
Western States have caused .serious losses annually. These weeds cause losses 
in many ways (4)? Submersed waterweeds such as pondweeds (Potamogeton spp.) 
reduce the flow in channels, causing higher water levels, breakage in canal banks, 
increased seepage into adjoining croplands, greater losses of water by evaporation 
and inadequate delivery of irrigation water to farms or inadequate drainage of 
water from cropland (fig. 1). In addition, decreased velocity of flow causes in- 
creased sedimentation; this reduces capacity and makes more frequent mechanical] 
cleaning necessary. Also, algae and fragments of other submersed aquatic weeds 
clog sprinklers, pumps, screens, valves, and create problems at pumping plants 
in irrigation and drainage systems. Emergent aquatic weeds such 4s cattails 
(Typha spp.) and bank weeds, and phreatophytes like willows (Salix spp.) and salt 
cedar (Tamarix pentandra) transpire tremendous quantities of water from canals 
and reservoirs into the dry air (figs. 2, 3, and 4). Weeds prevent proper inspection 
and maintenance of irrigation and drain canals and serve as sources of Seed for 
infesting nearby fields. Frequently, aquatic weeds and bank weeds are a serious 
problem in the same channel (fig. 5). 


A survey conducted in 1948 by the Bureau of Reclamation of the U.S. Department 
of the Interior (1) showed that nearly 150,000 acre-feet of water was lost each 
year in the Bureau’s 14,075 miles of canals and laterals because of weeds. By 
assigning a productive value of $20 per acre-foot to this lost water and adding the 
cost for ditchbank repairs and damage to flooded crops attributed to weeds, the 
loss in irrigation systems built by the Bureau of Reclamation was estimated at 
nearly $3 million annually. When these losses were projected to all irrigation 
systems in the 17 Western States, by using the 1940 Census figures of 120,386 of 
unlined canals, an estimate of $25-1/2 million loss annually because of weeds was 
obtained. 


During the next 10 years considerable progress was made in developing more 
effective and economical chemical methods of control (2). In 1957, a compre- 
hensive survey was planned to obtain up-to-date information on the weed problem 
in irrigation and drainage systems of the West. The objectives of the survey were 


1 F 
Survey study conducted cooperatively by the Crops Research Division, Agricultural Research Service, U. S. 


Department of Agriculture, and the Bureau of Reclamation, U. S. Department of the Interior. 


"Research Agronomist, Crops Research Division, ARS. Located at College of Agriculture, University of Wyoming, 
Laramie. Valuable assistance was given by many officials of Bureau of Reclamation offices in developing and 
distributing the questionnaire and in interpreting the summary data. 


3Numbers in parentheses refer to Literature Cited, at end of this report. 


Figure 1A.--An irrigation canal with a heavy growth of pond- 
weed, anacharis, and algae before treatment. 


Figure 1B.--Eight days after treatment with aromatic solvent. 


Courtesy of Bureau of Reclamation Region 4, Salt Lake City, Utah. 


Figure 2,--A drain canal infested with cattail. Courtesy of 
Bureau of Reclamation Region 2, Sacramento, Calif. 


Figure 3.--An irrigation lateral heavily infested with Johnson 
grass. In periods of water shortage, when water is removed 
from the ditch 2 or 3 weeks, Johnson grass will infest the 
bottom of the ditch, making the deliverance of water impos- 
sible. Courtesy of Bureau of Reclamation Region 5, Amarillo, 


Tex. 


Figure 4.--A heavy growth of cottonwood, willows, and miscellaneous annual and perennial herbaceous weeds 
along a small irrigation lateral. Courtesy of Bureau of Reclamation Region 6, Billings, Mont. 


Figure 5.--An irrigation drain canal with cattail in the channel and whitetop (Lepidium draba) on the banks. 
Courtesy of Bureau of Reclamation Region 1, Boise, Idaho. 


as follows: 1, To determine the extent of infestation and of losses caused by each 
of the important types of aquatic and bank weeds; 2, to determine the extent of use 
and cost of weed control practices on aquatic and bank weeds; and 3, to obtain a 
reliable estimate of the benefits from weed controlin the form of losses prevented. 


SURVEY METHODS 


A comprehensive questionnaire was prepared and copies submitted to the Bureau 
of Reclamation regional offices, the Commissioner’s office in Washington, D.C., 
and the Assistant Commissioner and Chief Engineer’s office in Denver, Colo., for 
suggestions. From these suggestions a final draft of the questionnaire was developed 
which was believed to be well adapted for obtainirig the desired information. 


Early in 1958 copies of the questionnaire’ were distributed to more than 200 dif- 
ferent irrigation districts and irrigation companies throughout the 17 Western 
States. The questionnaires were distributed from the seven Bureau of Reclamation 
regional offices and the Agricultural Research Service Weed Investigations office 
at Laramie, Wyo., with a request that they be filled out for the calendar year 1957 
on the basis, insofar as possible, of cost and survey records, but where complete 
records were not available that carefully considered estimates be supplied of weed 
infestations and monetary losses and benefits from weed control. 


A total of 47 reports, 4 to 11 at each of the 7 Bureau of Reclamation regions, were 
sufficiently complete to be included in summaries. Fifteen of the reports were 
received from projects operated by the Bureau of Reclamation and 32 from private 
companies or organizations. A list of Bureau of Reclamation regional offices co- 
operating in the survey, and of the irrigation districts or projects and water-users 
organizations submitting reports whichwere summarized in this general report, 
is presented below: 


Bureau of Reclamation Region 1, Boise, Idaho 
Aberdeen-Springfield Canal Co., Aberdeen, Idaho 
Columbia Basin Project, U.S. Bureau of Reclamation, Ephrata, Wash. 
Kittitas Reclamation District, Ellensburg, Wash. 
North Side Pumping Division, Minidoka Project, U.S. Bureau of Reclamation, 
Rupert, Idaho 
Ochoco Irrigation District, Prineville, Oreg. 
Roza Division, Yakima Project, U.S. Bureau of Reclamation, Sunnyside, Wash. 
Sunnyside Valley Irrigation District, Sunnyside, Wash. 
Vale Oregon Irrigation District, Vale, Oreg. 


Bureau of Reclamation Region 2, Sacramento, California 
Central California Irrigation District, U.S. Bureau of Reclamation, Los Banos, 
@alite 
Fresno Irrigation District, Fresno, Calif. 
Klamath Irrigation District, U.S. Bureau of Reclamation, Klamath Falls, Oreg. 
Lower Tule River Irrigation District, Porterville, Calif. 


4 copies of the questionnaire are available from the author. 


Bureau of Reclamation Region 2, Sacramento, California -- Continued 
Madera Irrigation District, Madera, Calif. 
Panoche Water District, South Dos Palos, Calif. 


Bureau of Reclamation Region 3, Boulder City, Nevada 
Coachella Valley County Water District, Coachella, Calif. 
Colorado River Indian Agency, Parker, Ariz. 

Imperial Valley Irrigation District, Imperial, Calif. 
Salt River Valley Water Users Assn., Phoenix, Ariz. 


Bureau of Reclamation Region 4, Salt Lake City, Utah 

Fruitgrowers Dam Project, Orchard City Irrigation District, Austin, Colo. 

Grand Valley Project, Grand Valley Water Users Assn., Grand Junction, Colo. 

Hyrum Project, South Cache Water Users Assn., Wellsville, Utah 

Newton Project, Newton Water Users Assn., Newton, Utah 

Paonia Project, The Fire Mountain Canal & Reservoir Co., Hotchkiss, Colo. 

Pine River Project, Pine River Irrigation District, Durango, Colo. 

Preston Bench Project, Preston, Riverdale & Mink Creek Canal Co., Preston, 
Idaho 

Provo River Project, Provo River Water Users Assn., Provo, Utah 

Sanpete Project, Horseshoe Irrigation Co., Spring City, Utah 

Strawberry Valley, Strawberry Water Users Assn., Payson, Utah 

Uncompahgre Project, Uncompahgre Valley Water Users Assn., Montrose, 
Colo. 


Bureau of Reclamation Region 5, Amarillo, Texas 
Carlsbad Project, Carlsbad Irrigation District, Carlsbad, N. Mex. 
Middle Rio Grande Project, U.S. Bureau of Reclamation, Albuquerque, N. Mex. 
Rio Grande Project, U.S. Bureau of Reclamation, El Paso, Tex. 
Tucumcari Project, Arch Hurley Conservancy District, Tucumcari, N. Mex. 


Bureau of Reclamation Region 6, Billings, Montana 


Angostura Project, U.S. Bureau of Reclamation, Oral, S. Dak. 
Buffalo Rapids Project, Terry, Mont. 

Crow Creek Project, U.S. Bureau of Reclamation, Great Falls, Mont. 
Fort Clark Project, U.S. Bureau of Reclamation, Bismarck, N. Dak. 
Midvale Irrigation District, Pavillion, Wyo. 

Milk River Project, U.S. Bureau of Reclamation, Malta, Mont. 
Riverton Third Division, U.S. Bureau of Reclamation, Riverton, Wyo. 
Sun River Greenfields Irrigation District, Fairfield, Mont. 


Bureau of Reclamation Region 7, Denver, Colorado 
Casper-Alcova Irrigation District, Casper, Wyo. 
Courthouse Rock Irrigation District, Bridgeport, Nebr. 
Goshen Irrigation District, Torrington, Wyo. 

Lake Canal Company, Fort Collins, Colo. 
New Brantner Extension Ditch Company, Brighton, Colo. 
Winters Creek Canal Company, Scottsbluff, Nebr. 


The geographical area included within each Bureau of Reclamation region is shown 
in figure 6. 


The reports covered 14.8 percent of the total mileage of canals and ditches in the 
17 Western States as reported for 1950 by the Bureau of the Census (5). From that 
census report it was determined that the percentage of canals and ditches included 
in the study of the seven regions ranged from 4.2 to 25.7. 


The Reclamation offices reported that the individual reports received constituted a 
representative sample of all of the irrigation districts and canals in each region. 
Therefore, the survey data on miles of waterway and acres of ditchbanks infested 
were extrapolated into estimates of total weed infestation, water and other losses 
caused by weeds, costs of weed control, and losses prevented by weed control in 
each region and in the 17 Western States. The factors for multiplying the survey 
data were determined by dividing the number of miles of canals and ditches re- 
ported in the 1950 census by the number of miles of canals reported in the survey. 
As may be seen in Appendix table 7, the factors ranged from 3.89 to 24.04 in the 
Several regions and averaged 6.76 for the 17 Western States as a whole (the 7 
regions). 


Data from all reports from the 47 irrigation districts and canal companies were 
tabulated, summarized, and interpreted in the Agricultural Research Service Weed 
Investigations office at Laramie, Wyo. Copies of the regional and overall tabular 
summaries and discussion of results were returned to the Bureau of Reclamation 
regional and Commissioner’s offices for review and suggestions. 


RESULTS 


The data from the 47 individual reports from all 7 regions are summarized by 
region in the comprehensive Appendix table 7. An extrapolation of these data into 
estimates for all irrigation districts and canal companies in the 17 Western States 
is summarized by region in Appendix table 8. The data are summarized by kind of 
weed, type of channel, and other categories in tables 1 to 6. In tables 2 and 3 the 
Bureau of Reclamation regions in the 17 Western States are listed in the following 
geographicai order: In the north, from west to east through Regions 1 and 6; in the 
central part, from east to west through Regions 7, 4, and 2; and in the south, from 
east to west through Regions 3 and 5. 


Aquatic Weed Infestations in Channels 


Table 1 shows the percent infestation of the three most important kinds of aquatic 
weeds in three different types of channels. Rooted submersed waterweeds, mostly 
pondweeds (fig. 1), were reported to be a problem in 33 percent of the mileage of 
canals, laterals, and drains as an average of all 47 reports, the infestation being 
slightly greater in laterals than in canals or drains. Algae was considered a prob- 
lem in 25 percent of the canals, 11 percent of the laterals, and 18 percent of the 
drains. Emergent species, chiefly cattails (fig. 2), were a serious problem in the 
drains with slower moving water, considerably less important in laterals, and of 


51950 census data used for all regions except Region 3, for which more recent survey data were supplied (see foot- 
note 3 of Appendix table 7). 
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Table 1.--Percent infestation by aquatic weeds in western 
irrigation systems, 1957 


Infestation by-- 


Cu.ft./sec. Percent Percent Percent Percent 


Average 


Type of channel eeneerte 


Total 


@lanallcmiemcassae inom 989 25 28 6 59 
Lateral 6) ‘eo: <(e) s.0) 6 41 11 36 16 63 
Drain) +5 ey 21 18 31 25 74 


Average’ 


laverages weighted according to the number of miles of infested channel in each type. 


little importance in the large canals. It is interesting to note than 65 percent of 
the mileage of all channels was infested with aquatic weeds, the percentages being 
59, 63, and 74, respectively, for canals, laterals, and drains. 


The extent to which algae and pondweeds were both present in the same channels 
but reported separately is not known. If this was acommon occurrence, the over- 
lapping might mean that the actual mileage of channels infested by aquatic weeds 
was somewhat less than 65 percent of the total. 


As is shown in table 2, the infestations of the different aquatic weeds varied 
considerably from region to region. Algae was most important in the Pacific 
Coast Regions 1 and 2 and least important in the southern Region 5. Pondweeds 
and other submersed aquatics were of little importance in Region 5 but were 
important in all other regions, especially in Regions 3, 7, and 1. Region 2 had 
the most serious infestation of cattails and other emergent aquatics, and these 
weeds were an important problem in all regions except perhaps in Regions 1 and 
3. On the whole, Region 5 (New Mexico, Texas, and Oklahoma) was the least 
troubled with aquatic weeds. 


Floating weeds, mostly water hyacinth and water lettuce, were a minor local 
problem in Regions 3, 5, 2, and 1, where they occurred mostly in drain canals 
(Appendix table 7). None were reported in Regions 4, 6, or 7. The infestations of 
floating weeds were. not important enough to be included in summary tables 1 and 
2 nor to be extrapolated into estimates for the 17 Western States in table 4 or in 
Appendix table 8. 


Table 2.--Percent infestation by 3 kinds of aquatic weeds in western 
irrigation systems, 1957 


Infestation in Bureau of 
Reclamation Region -- 


[Sa a ei a 


Kind of weed 


Percent — = 
Algae. 21 Zh 13 12 24 8 2 15.5 
Submersed (pondweeds, etc.)| 37 30 52 18 5 61 6 Salou 
Emergent (cattails, etc.) 22 16 8 11 16.5 


Total 


1 averages weighted according to total number of miles in each region. 


Weed Infestations on Ditchbanks 


Table 3 shows the percent infestation of the four important kinds of ditchbank 
weeds. Broadleaved weeds were most prevalent in Region 4 and least prevalent 
in Regions 2, 3, and 5, averaging 7 percent of the ditchbanks in all regions, Peren- 
nial grasses were important in all regions except northern Regions 1 and 6 (fig. 3). 
Woody plants were a serious problem in southern Regions 3 and 5, but they were 
scarce in coastal Regions 1 and 2 and only moderately important in Regions 4, 6, 
and 7 (fig. 4). Annual weeds were prevalent in all regions except Region 3, where 
they probably were prevented by low rainfall or crowded out by Johnson grass and 
woody plants. The acreage of all ditchbanks covered in the 47 reports averaged 74 
percent infested by weeds. The percent infestation ranged from only 41 in northern 
Region 6 to 100 in southern Region 5. 


Table 3.--Percent infestation by 4 kinds of ditchbank weeds in 
western irrigation systems, 1957 


Kind of weed 


-- Percent -- 
Broadleaved perennials .. .| 9 10 ill 21 2 4 3 v 
Perennial grasses. 1, 0.3 42 24 18 32 10 16 
Wwiocdy {plants “0,0. « « 1 10 7 IN, 1 47 30 21 
Annuals... 35 


Total 


1 averages weighted according to the total number of acres of infested ditchbanks in each region. 


Table 4 expresses the percentage figures of the two previous tables in total miles 
of channel and total acres of ditchbank infested by the different kinds of weeds. 
These data should be useful to manufacturers and distributors who are interested 
in estimating the total potential usage of or market for new improved herbicides or 
other control methods. For that purpose the extrapolated figures for all irrigation 
systems in the 17 Western States are of most interest. Of the 144,381 miles of 
canals and ditches reported in the 1950 census’ about 20,000 miles were infested 
by algae, about 47,000 miles by submersed aquatic weeds, and nearly 23,000 miles 
by emergent aquatic weeds. Of the 527,683 acres of ditchbanks, approximately 
42,000 acres were infested by broadleaved perennial weeds, 87,000 acres by peren- 
nial grasses, 99,000 acres by woody plants, and 166,000 acres by annual weeds. 


Table 4.--Miles of irrigation channels and acres of ditchbanks 
infested with weeds, 1957 


Extrapolated 
totals in 17 
Western States 


Reported by 


ind of 
Kind of weed 47 districts 


Miles Miles 
(All channels, total length : 
within respective areas) (21,400) (144,381) 
A. Aquatic weeds: 
Algae. e e e e ° ° ° e e e e . e . e 3,318 20,462 
Submensedirccee cer steanc sues eee ae 7,079 47,380 
JON TXIN = S66 SoG 6 60 b bo 6 3,927 22,926 
Subtotal) «cs. <6 260 ca, eben ere 13,924 90,768 
Acres Acres 
(All ditchbanks, total acreage 
within respective areas) (88,868) (527,683) 
B. Bank weeds: 
Broadleaved perennials. -.--+-+.-. 6,002 42,236 
Perennial grasses ++ +++ +e - 14,394 87,356 
Woody, plantsic, os civeicuneciriitem = acct 18,197 98,954 
PNeweuls G- Geslo ooo... 0 G..0vO-.o 26,239 166,474 
Subtotailaper wl come veh ot eee eicene ecu oat 64,832 395,020 


lFigure from Bureau of the Census, U. S. Department of Commerce (1950 Census), with adjustment for Region 3, 
for which more recent survey data were supplied (see footnote 3 in Appendix table 7). 


8see table footnote above. 
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Water Losses From Weeds 


The total losses from weeds in western irrigation systems in 1957, shown in much 
more detail in Appendix tables 7 and 8, are summarized in table 5. The 47 districts 
reported a total estimated water loss of 328,943 acre-feet from transpiration, 
increased evaporation, and overflows because of weeds. Water losses from aquatic 
weeds were more than three times those caused by ditchbank weeds. The total 
estimated water loss of 1,966,068 acre-feet in the 17 Western States would have 
been enough to irrigate 330,000 to 780,000 acres of cropland depending upon the 
length of growing season, evaporation losses, and other factors. 


The cost of water lost because of weeds represents the actual cost to water users. 
This average cost varied in different regions from $1.09 to $3.32 per acre-foot. 
The costs among the 47 reporting districts ranged from $0.40 to $10 per acre-foot. 
Using these rates per acre-foot, the total cost of water lost in the 47 reporting 
districts was $678,966 and the total cost in the 17 Western States was $3,626,742. 


Table 5.--Losses from weeds in western irrigation systems, 1957 


Reported by 
Item 7 regions 


Extrapolated 
totals in 17 
Western States 


(47 districts) 


Acre-feet Acre-feet 
Water lost: : 
Aquatic weeds. .... etn mreieies coves 252,861 1,375,746 
Ditchbank weeds +> + + + + © « «© «© « « 76,082 590,322 
Itopeul 6.1.6) 5 6 tanolG) Ou0- O10 tomo nono 328,943 1,966,068 
Cost of water lost: 
PSQUAtIC; WECUS. Ses + «ve cse-s se $547,169 $2,667,502 
Ditchbank weeds...... Mile tettocats 131,797 959,240 
Otallacmmem cine) Vell cke re oc $678,966 $3,626,742 
Cost of other damage: 
PNCUALICSWECOSi« iene 6 ie) ee ee te $178,250 $1,304,488 
Ditchbank weeds - .-....-+s-eece-s - 136,000 807,934 
Total . ° e e ° ° ° Cyc COF Oi SEO at Sa) $314,250 $2,112,422 
Total losses: 
PRCUALICEWEEGBI ici) belie © eo 6 6 oe $725,419 $3,971,990 
Ditchbank weeds. .- =... .-e+-s+e« 267,797 1,767,174 
Total -.-... o 8 ° $993,216 $5,739,164 
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Other Losses From Weeds 


The costs not included in water losses that are caused by weeds, such as damage 
to canals, structures, crops, and farmland were more than $300,000 on the 47 
reporting projects and over an estimated $2 million in the 17 Western States 
(table 5). This brought the total cost of weed losses for the reporting projects up 
to $993,216 and for all irrigation systems inthe 17 Western States up to $5,739,164. 


The data on acreages of weeds in flood plains and reservoirs and losses from 
weeds in these situations (shown in Appendix table 7) were incomplete, especially 
in Regions 2, 3, and 5. Several districts reporting from these regions did not indi- 
cate any weeds in flood plains and reservoirs. However, extensive acreages of 
phreatophytes are known to exist in these districts. Therefore, the data on flood 
plains and reservoirs were not extrapolated into estimates for all 17 Western 
States and were not included in tables 1 through 6. 


Costs of Weed Control 


The 47 reporting districts spent $1,426,705 for weed control in 1957 (table 6). 
The total cost of weed control in the 17 Western States was $8,113,297. The expen- 
diture for control of ditchbank weeds was more than three times the expenditure 
for aquatic weed control. Only 54 percent of the infested mileage of aquatic weeds 
was treated, but 80 percent of the infested acreage of ditchbanks was treated. When 


Table 6.--Reported and extrapolated costs of weed control in 
western irrigation systems, 1957 


Report or estimation Bquatic Ditchbank Total 
weeds weeds 
Miles Acres 
A. Report from 7 regions (47 districts): 
Ipguasy=heeqnYord G6 0 GO 00.610 0.0 0 6 13,924 64,832 - 
Treatment Si ggeea ar 2 ace Severin 7,449 51,791 ee 
Dollars Dollars Dollars 
Cost of treatment. ...-+.-+--. 315,555 1,111,150 1,426,705 
Estimated losses prevented. .-.- .- 765,829 2,034,176 2,800,005 
B. Estimation pertaining to 17 
Western States: 
Cost of treatment . .....-+.-. 1,592,130 6,521,167 8,113,297 
Losses prevented......- : 3,922,608 11,937,418 15,860,026 
Net saving. @) to. fe) (6) le rey Lenmel ne 2 a = 7,746,729 
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it is recalled that the estimated losses from aquatic weeds were nearly three 
times the losses from ditchbank weeds, it becomes clear that improved methods 
of controlling aquatic weeds have not been adopted nearly so generally as have 
improved methods of controlling ditchbank weeds. For example, the use of aromatic 
solvents for control of pondweeds has been practiced extensively only in Regions 
1 and 3, even though pondweeds are aserious problem in most of the other regions. 
The much higher cost of aromatic solvents in the smaller quantities used in most 
of the other regions may be an important factor in this difference. The general 
lag in adoption of control methods for aquatic weeds indicates a need for further 
improvement in methods of controlling aquatic plants, especially rooted submersed 
waterweeds in larger canals. 


As is shown in Appendix table 7, the average cost per mile of treating aquatic 
weeds ranged from $11.08 in Region 6 to $121.42 in Region 7, averaging $42.36 
for all regions. The cost per mile also varied greatly for different species of 
aquatic weeds and different methods of control. The methods used included drying, 
handcutting, and cleaning, and chaining, draglining, and treating with chemicals 
(shown in figs. 7, 8, and 9). The low average cost of control in Region 6 may have 
been the result of more extensive use of the inexpensive drying method. 


The cost of ditchbank weed control averaged $21.45 per acre for all regions, 
ranging from $6.26 in Region 1 to $55.62 in Region 3 (Appendix table 7). In general, 
the cost of control per acre was relatively low in regions where extensive use can 
be made of 2,4-D; but in regions where 2,4-D can be used only sparingly because 
of cotton or other sensitive crops and where more expensive chemicals or methods 
must be used, the cost of control was much higher. Methods of controlling ditch- 
bank weeds included hand cutting, mowing, burning, and spraying with many dif- 
ferent kinds of equipment (figs. 10-13). Benefits from control treatments are 
shown in figs. 1-B, 14, and 15. 


The total amount of weed losses prevented by the control programs in the 47 
reporting districts was $2,800,005, a ratio to costs of approximately 2:1 (table 6). 
The ratio of estimated saving from aquatic weed control to cost was 2.4:1, while 
the ratio for ditchbank weed control was 1.8:1. The extrapolated figures for all 
irrigation systemsin the 17 Western States place the total cost of weed control at 
$8,113,297 and the total estimated weed losses prevented by weed control at 
$15,860,026. This was a net saving of $7,746,729 due to weed control. This annual 
net saving of approximately $7-3/4 million is a sizeable return on the Nation’s 
investment in research, extension, and other efforts directed toward the develop- 
ment and use of improved methods of controlling weeds in the irrigation and 
drainage systems of the West. 


Total Losses and Costs Caused by Weeds in the 17 Western States in 1957 


When we add the losses from weeds, $5,739,164 shown in table 5, to the cost of 
weed control, $8,113,297 shown in tabie 6, we get a total loss from weeds of 
$13,852,461 in the 17 Western States for 1957. This is the actual cost to the water 
user of water lost and other direct losses caused by weeds and of control of weeds 
in irrigation systems. Presumably all the estimated losses of $15,860,000 which 
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Figure 7.--Chaining an irrigation canal to remove pondweed, 
cattails, and other submersed and emergent weeds. The use 
of aromatic solvents and other chemicals is replacing this 
type of mechanical treatment in small and medium size 
channels. Courtesy of Bureau of Reclamation Region 1, 


Boise, Idaho. 


Figure 8.--Removing cattail and other weeds from a drainage 
ditch at the cost of about $400 per mile. Chemical control 
of cattail in canals and ditches has been accomplished with 
a small fraction of that cost. Courtesy of Bureau of Recia- 
mation Region 6, Billings, Mont. 


Figure 9.--Aromatic solvent, used for killing submersed 
weeds in irrigation canals, forms a milky emulsion as it 
mixes with the water. Courtesy of Bureau of Reclamation 
Region 1, Boise, Idaho.’ 
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Figure 10.--Mowing of bank weeds and emergent aquatic 
weeds gives temporary control and reduction of transpiration 
losses. Frequently, enough of the mowed vegetation falls 
in the water to cause clogging of structures downstream. 
Courtesy of Bureau of Reclamation Region 2, Sacramento, 


Calif. 


Figure 11.--Burning woody growth along a large canal with a Figure 12.--Spraying Johnson grass along a lateral in 

truck-mounted counterbalanced boom. Courtesy of Bureau of Arizona withhoses andhand guns from a slowly moving tank 

Reclamation Region 3, Boulder City, Nev. truck. Courtesy of Bureau of Reclamation Region 3, Boulder 
City, Nev. 


Figure 13.--Spraying miscellaneous annual and perennial Figure 14,--Spraying bank weeds alonga canal in Washington 
bank weeds along a concrete-lined irrigation canal with a witha helicopter. Courtesy of Bureau of Reclamation Region 
3-section truck-mounted boom. Courtesy of Bureau of 1, Boise, Idaho. 

Reclamation Region 2, Sacramento, Calif. 


Figure 15.--This irrigation lateral in New Mexico was formerly as heavily infested with 
Johnson grass as the lateral shown in Figure 3 before two complete seasons of fre- 
quent burning resulted in the clean ditchbank. Courtesy of Bureau of Reclamation 


egion 5, Amarillo, Tex. 
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were prevented by weed control in 1957 would have been included in losses caused 
by weeds had it not been for the weed control practices in use. Probably the 
extensive use of more effective and less expensive methods of weed control in 
1957 than were known in 1947 was an important factor in holding weed losses and 
costs relatively low in 1957. 


DISCUSSION 


These figures on weed losses in 1957 cannot be compared directly with the Bureau 
of Reclamation’s estimated loss of $25-1/2 ‘million caused by weeds in 1947, be- 
cause of the difference in the basis of evaluating losses in the two surveys. If the 
average productive value of $20 per acre-foot of irrigation water used as the basis 
of the survey of weed losses in 1947 had been applied to the estimated 1,966,068 
acre-feet of water lost in 1957 because of weeds, the total value of the water lost 
would have been estimated at $39,321,360 instead of $3,626,742, the actual cost to 
the water user. Actually the total loss to the water users and the economy of the 
Nation in 1957 may have been much closer to the former figure than to the latter. 


A partial answer to the above question is afforded by a study of some of the 1957 
data based upon net productive values of irrigation water submitted by Bureau of 
Reclamation Regions 1, 2, 3, and 5 in terms of net profit or labor income. These 
values ranged from $8.33 to $31.33 per acre-foot (Appendix table 7). In these four 
regions, where water shortages frequently are critical and/or additional irrigable 
land is available so that all water lost because of weeds could have been used 
productively, the total net productive value of water lost in the 22 irrigation dis- 
tricts and companies reporting.would have been $5,346,936. Using the extrapolation 
factors applicable to each region, the total net productive value of water lost 
because of weeds in all the irrigation districts and companies in the four regions 
would be estimated at $25,775,538. 


Even when actual cost figures of water lost in 1957 are used, the total of all losses 
from weeds and the costs of weed control, amounting to $13,852,461, and the esti- 
mated net saving due to weed control amounting to $7,746,729, are impressive 
figures. It is suggested that similar surveys of weed losses, costs of weed control, 
and benefits of weed control on irrigation systems should be conducted periodically 
in the future, e.g., every 10 years, to measure changes in weed infestations and 
progress in weed control. 


It is believed that on the whole the estimates of losses caused by weeds and losses 
prevented by weed control may have been less than the actual losses and savings, 
especially those extrapolated from the survey data into estimates for the 17 Western 
States. Some of the reporting districts failed to answer some of the questions on 
the questionnaire about losses incurred or prevented. A number of districts 
answered such questions with a question mark (?), indicating a lack of actual 
records and a reluctance to make an estimate. Wherever questions about losses 
caused by weeds or losses prevented by weed control were not answered, it was 
assumed, for summary purposes, that there were no losses incurred or prevented 
even though it was apparent in a number of cases that such losses had occurred 
but had not been estimated. 
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It is probable that the total mileage of channels was somewhat greater in 1957 
than it was in 1950 in most of the regions, so that the percentage of the total 
mileage covered by the 47 reports was actually less than 4 to 26 (average 14.8) 
as calculated on the basis of data from the 1950 Census. Thus, the factors for 
multiplying totals from the 47 reporting districts to obtain totals for the 7 regions’ 
and the 17 Western States probably were somewhat too low. 


Nevertheless, the estimate of the total cost of weed control in 1957 in the 17 
Western States may have been somewhat higher than the actual total cost. It is 
possible that the 47 reporting districts were more progressive than most of the 
districts and may have made more extensive use of weed control practices than 
average. To the extent, therefore, that the nonreporting districts and companies 
made less extensive use of weed control practices, their losses caused by weeds 
were no doubt greater than those of the reporting districts. 


It should be pointed out again that the extrapolated estimates of all losses from 
weeds and costs of weed control for the different regions and the 17 Western 
States do not include those involving phreatophytes except as they were classified 
as woody plants occurring on ditchbanks. The losses from transpiration, flood 
damage, and sedimentation caused by the extensive acreages of phreatophytes 
around reservoirs, along streams, and on river flood plains were not covered by 
the survey, nor were the costs of phreatophyte control in these situations. The 
losses from phreatophytes and possible savings from control of phreatophytes 
are discussed in another publication (3). 
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